Environmental economists have long used surveys to gather information about people's preferences. A recent innovation in survey methodology has been the advent of web-based surveys. While the Internet appears to offer a promising alternative to conventional survey administration modes, concerns exist over potential sampling biases associated with web-based surveys and the effect these may have on valuation estimates. This paper compares results obtained from a travel cost questionnaire of visitors to Fraser Island, Australia, that was conducted using two alternate survey administration modes; conventional mail and web-based.
Introduction
Environmental economists have long used surveys to gather information about people's preferences. This is particularly true in the field of non-market valuation, where techniques such as the travel cost method, contingent valuation and choice modelling invariably employ some form of survey instrument. Conventional survey administration modes include mail, in-person, telephone and central site. More recently, the use of e-mail and web-based surveys has emerged as another option. The choice of survey mode requires consideration of several issues and, to date, no single mode has been proven unambiguously superior to the others (Champ, 2003) .
The primary purpose of this paper is to test the suitability of web-based surveys for conducting non-market valuation studies, compared against an intercept mail survey. Mail surveys have much in common with web-based surveys in areas such as degree of personal contact between the interviewer and interviewee, access of the interviewee to the questionnaire, and freedom of the interviewee regarding the timing and method of answering the questionnaire.
Valid comparisons should, therefore, be able to be drawn between the two modes. Moreover, mail surveys are the least costly and most common, suggesting that it is the mode most likely to be replaced, or supplemented by, web-based surveys. To our knowledge this is the first study to compare web-based and mail survey administration modes in a non-market valuation context. 3 makeup of respondents to the alternate modes and find the web-based mode to yield lower response rates and lower willingness-to-pay estimates than the conventional mode. Nonetheless, both conclude that the use of web-based surveys in contingent valuation research shows considerable promise.
We find our web-based survey to yield a sample not significantly different than our mail survey in terms of gender, age, income, education and country of residence of respondents, and at a substantially lower cost. Moreover, less than a 10% difference is found between the consumer surplus estimates derived from the two modes. These findings suggest the Internet has potential to become a valuable tool for non-market valuation practitioners.
The paper proceeds as follows. In Section 2 we discuss advantages and disadvantages of web-based surveys. Section 3 describes the study area, survey design and data collection.
Section 4 compares the survey modes in terms of response rates, socio-demographic make up of respondents and surveying costs. Section 5 presents the travel cost analysis. Section 6 concludes.
Advantages and disadvantages of web-based versus mail survey modes
There are several features of web-based surveying that makes it attractive to researchers, of which the most commonly cited is cost. The comparatively low cost of web-based surveys is advantageous in that it enables large sample sizes, thus providing an increased potential for subgroup analysis and decreased sampling variance. Another often cited advantage of web-based surveys is the speed and accuracy of data collection. Web-based surveys can be up and running in a matter of days, with immediate access to results. Responses from online questionnaires can be automatically inserted into spreadsheets, databases or statistical packages. This not only saves time and money, but reduces human error in data entry and coding. Further, data can be collected continuously, regardless of time of day and day of week, and without geographical limitation (Madge, 2006; Manfreda, 2001 Moreover, colours, innovative question displays, split screens, animation, sound tracks and other advanced design features may make web-based questionnaires more appealing for respondents. Finally, the growth in email, online banking and bills being paid on the Internet suggest that, at least for some, the Internet is a more convenient medium than more traditional means of communication.
questions can be ordered randomly, skip patterns may be built for ease of navigation, even multi-lingual formats are possible.
The most commonly cited disadvantages of web-based surveys are sample frame and nonresponse bias. The former is the non-random exclusion of individuals from the sample frame: in most populations there remains an enduring social and spatial divide in access and use of the Internet which can induce sample biases to any online research. Non-response bias is the bias introduced when respondents within the sample frame have very different attitudes or demographic characteristics to those who do not respond. This bias increases when different levels of technical ability are present among potential respondents, and it becomes a particular problem when response rates are low.
A further potential disadvantage of web-based surveying is the fact that the researcher often has no way of discerning if there are several respondents at one computer address, or if one respondent is completing a questionnaire from a variety of computers; although, as noted by Marta-Pedroso et al (2007) , the use of cookies and server log files can largely address these concerns.
Study area, survey design and data collection

Study area
Situated less than five kilometres off the Queensland coast, at the southern end of the Great Barrier Reef and some 250 kilometres north of Brisbane (see Figure 1) To gain an appreciation of the potential welfare effects of any move to restrict access to the Island, it is useful to estimate the consumer surplus associated with current visitation. While organised tours already face access restrictions, and in the short-to medium-term are unlikely to be restricted further, independent visitors currently face no restrictions and are the group most likely to have some form of restriction imposed upon them in the future. 
Survey design and data collection
This application, therefore, using the zonal travel cost method, attempts to estimate the current (unrestricted)
consumer surplus attributable to visiting Fraser Island by this particular group of visitors. This surplus, or at least some portion of it, is that most likely to be affected by future management interventions.
The web-based survey was constructed using Macromedia Dreamweaver MX for Windows.
To ensure the validity of any comparison between the two modes, the web-based questionnaire was constructed to look as similar as possible to that distributed on site.
5
Following the method of Wilson and Tisdell (2004) , for the mail survey administration mode, visitors to Fraser Island were given questionnaires with pre-paid self addressed envelopes attached. This was to give respondents the opportunity to carefully consider replies in their own time. A total of two sampling occasions during 2006 were undertaken, the first in April and the second in August. In April 800 questionnaires were distributed over a period of seven days, in August 560 questionnaires were distributed over a period of eight days; reflecting the fact that August is a much quieter time of year on the Island. In both cases, questionnaires were distributed at a range of locations, predominantly in the lower third of the Island. 
Comparison of survey modes
Response rates
Web-based and mail surveys can easily be ignored so getting a reasonable response rate can be challenging. Out of the 1 360 mail questionnaires distributed over both sampling periods a total of 463 were returned, of which 33 (7.1%) were unusable due to key questions (often relating to respondent's income and education) being left unanswered. Thus the mail survey mode yielded a response rate of 31.6%.
Calculating response rates for web-based surveys presents some difficulties, there is no way of knowing how many individuals might have seen the survey, or links to the survey, but declined to participate. One way to deal with this is to use a visitation counter that keeps track of the number of times that a site has been accessed. The response rate can then be estimated by dividing the number of returned surveys by the visitation count. However, this is sure to underestimate response rates as the same individual may visit a site a number of times before submitting a completed questionnaire (Kay and Johnson, 1999) . In this case, the survey site registered 442 'hits', and 173 questionnaires were submitted, of which 27 (15.6%) were unusable due to unanswered questions. Thus, while item non-response was higher, the webbased survey mode yielded a slightly higher overall response rate of 33.0% than the mail survey.
Sample bias
As seen in Table 1 , very little difference is found between the gender, mean age and education of respondents to each survey mode, while respondents to the mail survey report a higher mean household income; a result consistent with that of Berrens et al. (2003) . In contrast, In regards to the respondent's place of residence, 82% of respondents to the mail survey were residents of Australia, compared with 73% of web-based survey respondents. As seen in 
Discussion
Including researcher time widens the cost-gap between the two survey administration modes, to distribute mail questionnaires researchers spent a total of 15 days on Fraser Island; to develop the web version of the survey took approximately 6 days.
We find that the web-based survey yields a sample not significantly different than the mail survey in terms of gender, age, income, education and country of residence of respondents, and at a substantially lower cost. This is an important finding; particularly given mail surveys are comparable to web-based surveys in many aspects of survey methodology. Moreover, as webbased surveying offers researchers many advantages over more conventional survey modes, these findings suggest that non-market valuation practitioners should consider the use of this survey administration mode in the future. 
Travel cost analysis
Background
The travel cost method seeks to place a value on recreational sites by using consumption behaviour in related markets. In other words, this is a non-market procedure whereby a value for a recreation site is obtained by considering how much people are prepared to spend to reach the site. Specifically, the costs of consuming the recreational amenity of a particular site are used as a proxy for price; these costs can include travel costs, entry fees, on-site expenditures and outlay on capital equipment. The method assumes weak complementarity between the recreational site and consumption expenditure. This implies that when consumption expenditure falls to zero, the marginal utility of visitation is also zero, or alternately the recreational site will only be valued if consumption expenditure is positive (Hanley and Spash, 1993) . The method has become widely accepted and is generally regarded as one of the success stories of non-market valuation (Smith, 1993) .
There are essentially two types of travel cost models, the individual, where the dependent variable is the number of trips per year (or per season) by individual users of a recreation site, and the zonal, where the dependent variable is the number of trips taken to the site by the population of a particular region or zone. While the former is more appropriate for local, frequently visited, sites, the latter is more appropriate for sites visited infrequently by travellers from afar, and is thus the model employed here.
There are two approaches that may be taken when estimating a zonal travel cost model, the traditional Clawson-Knetsch two-stage methodology (Clawson and Knetsch, 1966 ) and the gravity model, often used in geography and transport studies to model commuting decisions.
The methodology and theoretical underpinnings of these two models are extensively discussed elsewhere (see for example, Hanley and Spash (1993) ) and will not be revisited here. It is sufficient to note that the gravity model 'short-cuts', and has been shown to produce the same consumer surplus estimates as, the more cumbersome Clawson-Knetsch method. In all, the gravity approach is more elegant and has become increasingly popular with practitioners in recent times and is subsequently the approach taken in this paper.
First-stage estimation procedure
The first step in employing the gravity model is to determine a travel demand function (known as a 'trip generating function') based on the cost of travel and any other variables that may contribute to the explanation of visitation rates. The second step involves integrating this function for each zone using the respective zonal choke price (i.e. that price at which visitation falls to zero) as the upper limit for integration, and the current cost of travel from that zone as the lower limit. The integrals provide a measure of consumer surplus for each zone, which may then be summed to obtain the aggregate consumer surplus or recreational value of the site.
To obtain the trip generating function, zonal visitation rate was regressed against average zonal travel cost (TC) and three socio-demographic variables (age, income and education). Total travel costs are initially calculated per 'party' and include (where applicable): vehicle costs; air, bus and rail fares; recreational areas management vehicle access permit fees; and barge fees.
Per-person travel costs are then estimated by dividing party travel costs by the number of adults in the party. Equations were assessed using AIC, SC, t-tests, adjusted R As there is no theoretical reason for choosing one functional form over another, the linear, linear-log, log-linear, log-log and equations using the reciprocal of travel cost were all estimated.
values, and consideration of autocorrelation and heteroskedasticity. The functional form of the preferred equations was found to be for both mail and web-based samples, as well as for a pooled data set. It was also found that the value of coefficients were similar in all three cases. As is typical with zonal travel cost studies, none of the socio-demographic variables were found to be significant, even at the 10% level. The results are outlined in Table 3 .
[ INSERT TABLE 3] Substituting in current average zonal travel cost and multiplying by zonal population yields the estimated number of annual visits. Further, if these levels of visitation are divided by the annual number of vehicle permits issued to Australian residents, the estimated average number of adults per vehicle is obtained. As shown in Table 4 , the estimated number of annual visits is 130 909 for the mail, 131 953 for the web-based and 138 500 for the pooled sample. Given there are in excess of 300 000 visitors annually, and many of these are on organized tours and thus excluded from the analysis, these figures seem reasonable. The estimated average number of adults per vehicle is also reasonable when considering that the average number of adults per vehicle in the samples ranged from 3.4 to 3.6.
[ INSERT TABLE 4] 
Consumer surplus estimation
With the assumption that people will respond to increases in price in a similar way to increases in travel cost, the visitation levels corresponding to a schedule of travel costs was In order to account for multiple-site visitors, each zonal estimate of consumer surplus was adjusted according to the average zonal proportion of time spent on Fraser Island, relative to the time spent away from home on the trip; a method first suggested by Clough and Meister (1991) .
Results for all of the samples are summarised in Table 5. [ INSERT TABLE 5] 
Discussion
The comparatively narrow range of the consumer surplus estimates reported in Table 5 go some way to confirming the findings of Section 4, namely that the alternate survey administration modes yield samples that are, for the most part, not significantly different. The relative magnitude of the estimates themselves demonstrates that the existing (unrestricted) recreational value of Fraser Island for independent visitors is large, in the region of $180 million per annum or $1 400 per-person per-visit. This value, or at least some proportion of it, is potentially at risk if managers seek to restrict access to this group of visitors in the future and caution, therefore, is needed before moving to impose such a policy. That is not to suggest the imposition of access restrictions is necessarily a poor policy per se, simply that this potential loss of welfare needs to be balanced against any potential gains in value (including in non-use value) resulting from reduced visitor numbers. It is hoped that these estimates prove useful in supporting the evaluation of alternative future management options.
Conclusion
This paper tests the suitability of web-based surveys for conducting non-market valuation studies, compared against an intercept mail survey. It is demonstrated that the Internet has potential to become a valuable tool for non-market valuation practitioners, either in replacing, or supplementing, the more conventional mail survey administration mode. It is found that response rates and socio-demographic makeup of respondents to the alternate survey modes are not statistically different. Moreover, both modes yield similar consumer surplus estimates.
While previous authors have suggested that web-based surveys perform adequately for contingent valuation studies, this research suggests they may also be used when employing a revealed preference non-market valuation technique such as the travel cost method.
In all, there is now a growing body of evidence that the web-based survey administration mode has considerable promise. Given its many advantages over more conventional survey modes, we suggest strong consideration be given to employing web-based surveys in nonmarket valuation applications in the future. 0-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 & 80+ . Because of the small number of respondents (< 5), the two lowest (0) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 
Variable
Categories used were: completed less than year 12 (highest year of schooling) or equivalent (coded 1), completed year 12 or equivalent (coded 2), trade certificate or equivalent (coded 3) and Bachelor or higher degree or equivalent (coded 4).
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